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solve proeblems which involve converting and
othervisoe manipulating units of Tength and time

in the most comnon systens of measurcient.,

name Invariability as the more inportant
criterion for eclecting standards of measurenent
than accoessibility dn cases where thesge criteria
arc incompatible, '

define a fundamental quantity as used in physics.

seleet, fiom a list of four physical quantitics,
the one that is not a fundamental (is a derived)
quantity,

state the historical definition of the meter
based upon the circumference of the earth,

select, from a list of four statements, the one
that gives sharpness and narrowness as the
reasons the orange-red linc of krypton 86 was
chosen for the definition of the modern meter.

deduce the relationship between the nautical mile
and the meter (1 n.m. = 1852 m), using the

historical definitions of both.

define the sidercal day and be able to state its
relationship to the mean solar day.

& % X
define a derived quantity as used in physics.
define the standard meter in terms of the wave-,
length of the orange-red line in the spectrum of

krypton 86.

use the fact that a circle consists of 60 X 360
= 21600 minutes of arc.




. 01 1 002 00 answer fundamental verbal questions relating to
frames of reference. :

01 1 002 o1 select, from a list of four statonents, the one
that gives both fime and position as roelative
quantitics; i.c., they have no absolute frame of
reference. '
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01 1 003 00 select, and carry from data to answer, the correcet
. number of significant digits in all typoes of
i ' arithmetic operations.
b ’

] 01 1 003 01 select, from a list of numbers, the ones that have
i the same number of significant figures.
01 1 003 02 give the number of sfignificant figures that must
be retained in a sum of wany numbers, cach with a
different number of significant figures,
01 1 003 ¢3 select the correct way that the area of a rectrangle
(product of two numbers) must be written, in order
to have the right numbey of significant figurcs.
01 1 003 04 sclect the correct way that: the volume of
: (product of three variable nunbers) must be
written, in order to have the right number of
significant figures.

a sphere

* % %
- 01 1 003 24 recognize that constant factors (for example the
factor 4/3 in the expression for the volume of a
spherc) have unlimited numbers of significant

figures, and that constants like T are known to a
very high degree of accuracy.
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manipulate vectors, and recognize that physical
quantities which must be specificd by a wmagnitude
and a direction arc vector quantities.

compute the dot product of two vectors.,
compute the cross (vcctor) product of two vectors.,

recognize that displacement is a vector, quantity
and must be treated as such.

recognize that the area of 4 paralle’, gram is
equal to the magnitude of the cross product of its
two adjacent sides taken as vectors.

. N
determine the trlp%e produc&, (A x ﬁ)'é, of three

co-planar vectors A, B and C.

L

recognize that the cross ‘product is a vector, and
find the dircction of thisg vector.

% % %

distinguish between scalar and vector quantities
by selecting the scalars {or vectors) from a list
of physical quantities.

add and subtract vectors.

identify the mathematical laws (commutative,
di§tributivc, associative) which are obeyed by the
various vector operations (addition, dot product,
cross product). '

recognize that the cross product of a vector and
& scalar is meaningless.
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define and uvse the terms necded in the study of
kinematics.

dJ‘LLnLUIHh between the terms "kinematics" and
"dynamics" in any verbal problem.

define a particle as a body having mass but zero
extenaion in space.

define translational motion as motion of a body

in which all its particles move along parallel
iines, and apply this definition in sclecting from
a lis L of graphs LhaL gralh vhich represents a
translation,

recoghize that translational motion necd not be
livear. :
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solve problems involving rectilinear motion with
constant acceleration.

calculate the average velocity for constant acceler-
ation as the ratio of the vector displacenent to

the time elapsed during which the displacement is
traversaod.

compute the velocity of a particle at a given time,
given the.displacement of the particle as a function
of time.

recognize that the azceleration of a body is not

zero whencver its (vector) velocity changes, even
though the magnitude of the velocity (spced) may

remain the same. ”

compute the average acceleration, given the initial
and final velocities (uugnitudes and dircctions)
and the time during which the velocity change takes
place from

3= M/E = (3 - V) /e

convert acceleration from one system of units to
anotlier.

i
i
‘

recognize that velocity is a vector quantity.

define velocity as the time rate of change of
e s -)- -> y
position (V = dv/dt).

define acceleraEion as the-time rate of change of
velocity (3 = dv/dt).

/ . . :
use the relationships among the various i : of

i time (hours, minutes, seconds, etc.) to convert
‘from cne unit to the other. '

recognize that the acceleration is a vector quantity.

use the relationships among various units of length
(meter, cm, foot, inch, mile, etc,) to convert from
one unit to the other.

convert velocity (or speed) from one system of

units to another. (Some common units used in this
course: mph, ft/s, m/s, cm/s, km/h, knot, etc.)
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interpret graphs Lhaving time as abscissa and posi-
tion, velocity, or acceleration as ordinate, and
solve problems involving these quantities using
the information supplicd by the graphs.

solve for the average velocity in the ¥»—-direction,
given an x versus t curve; from

-— = A}i = X(tz) = X(Ll)
VX /.\t _"{Zt—-tl

find point on a v versus L curve at which the
acceleration is the same.

select from among given graphs the ones that
represent variable acceleration.

% ok X%

recognize that the slope at any point of a v versus
t curve gives the instantaneous acceleration at
that point.

recognize that the acceleration is the second
derivative of the position with respect to time,
i.e.,

Tz dv_ a%
dt de?



01 2 008 00 determine whether given cquations are plausible by
using dimensional enalysis.,

01 2 008 01 use dimensional analysis to select the only correct
e
equation giving the position of a bady as a function
of time when the body is subjected to air resistane

from a list of four cquations.

01 2 008 21 recognize that the argument of a special function
(cxponcntial, logarithmic, trigonmetric, etc.) must
be a dimensionless quantity,
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solve problems dealing with the free fall of
bodies (one-dimensional motion) near ‘the surface
of the carth by using onc of the following
equations

Vy = Voy toat = Voy ~ Bt (1)
y = Yo + voyt - (l/z)g!—? : (2)
vy? = voyz - Zg (y - yo) (3)

=y tvet=y + (1/2) (v. +v )¢ 4
y =Y, y Y, oy y (4)

use (1) to determinc any of the quantities
involved.

use equation (2) to determine any of the quantities
involved in it.

use equation (3) to determine any of the
quantities involved in it.:

use equation (4) to determine any of the
quantities involved in it.

use (2) to determine g, when the only given data
are in a list giving the distance of fall of a
body and the corresponding time at which this
distance was measured.
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solve problems dealing with the concept of
relative wotion by using the gencral relative
velocity equation,

> -> -> .
Vac = Vab * Vvpe (5

. . v ~> .
or cquutions derived from it. (Here Vap Is read:
the velocity of body a wvith respect to body b.)

>
use the above equation to solve for V,~s given
d > ac
pa ¥ 7
Vab an : \b

c*

10
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.. - S I -> >
use the definition v and a (v = dr/dt, a = dv/dt
= dzr/dtz), to solve probleps involving
differentiation or integration.

compute the acceleration of a particle at a given
time, given the dependence of the particle’s
position on time.

find the time it takes a car to stop, given the
initial speed of the car and the time cependence
of the magnitude of the deceleration; i.e.,
integrate the equation

dv = a(t) dt

find the distance that the car above travels
before coming to a stop, by integrating the
equation

dx = y(t) dt ,
and using the time found.

\

¥

11
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analyze the | ~donal trajectory of a body
projected frowm any height, at any angle with the
horizontal, using the two~-dimensional (vector)
equations

V=3, +ar, (6)
-> -> > 1 2 5
r =71, + vyt + i-at? , @))
v = v Pk 22 (F SR and (8)
1 o+ o
r=%5(v+v) t, 9)
with a, =0, ay.= -2 = constant.

compute the highest altitude that a body
projected from ground level attains, given the
initial velocity.

compute the time it takes a projectile to attain
its highest altitude.

recognize that the horizontal velocity of a

projectile remains constant, and use this to

determine the horizontal positlon at any time.

show that when a body, projected at an agle
above the horizontal returns to 1ts initial
position its vertical velocity 1is equal in
magnitude and opposite ln dircction to its
inftial velocity.

determine the horizontal range of projectile,
calculate the maximum range of a cannon.

compute the angle of projection, given the range
and initial speed. '

* % %

analyze the position, veloedty and acceleration
vectors into thelr x- and y~components; i.e.,

~ ~
T = xi + yj '
> ~ ~ |
V'"in"'vyj 1
-+ A :
ar=ail+vj



12 Cont.

01 3 012 27 recognize that a lorizeats! . oage, less than the
maximum one, can be attai.  with two angles of
projection.

01 3 012 31 recognize the independence of the vertical and
horizontal motion of a projectile.

01 3 012 41 recognize that when the projectile recaches its
highest altitude, the vertical component of its
velocity is momentarily zero.
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apply Mevion's fivst lav of wotion.

recogatae that every body parsiste in its stale

of uni molton in a straight Line unless it
ia oo "to clhungn that state by forces
i, o oo it,

caleulate the speed of a pavticle after an
interval of Uiwe dn the abscoce of net exterior
force.

recall that forces are vector quantitics.

recopnize Chat a particle woving at constant
velocily has zero net force acting upon it.
draw all the forces acting on a block in wmotion.

.
<

isolate forces on a free-body diagram.

recoguize that the normal force is not always -
equal. Lo the wcivht.:

demonstrate thac Jewton's fipst law is indepen-
- :

‘dent of the refe_.nce frame.

«caleculate each foree acting on a particle when

‘the net force is zero.

xecoghize that mass is an intviunsic property of

matter that determines its resistance to a chinge

An motion,

choose the pound, the foot,  and the second to be
fundamental units, ) N )

demonstrate that a massless string transmitls a

force unchauged.

EE
racognize the meaning of scalar and vector
quantities. ’

xealize that all forees actiung on a body are
drawn through the center of mass.

rotate vectors into their x- and y-compuents.

demonstrate that two moving objects stuck
together have zero relatlve veloelty.

salve simultancous equations,

13
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apply Newton's second 1aw of wolion.

write Devion's sceond law in compenont form in

Fireo dincnsions.

o avtrate that the accel ration of a mass ig
dirvectly proportional to the net foree acting
upon it,

deag a frece-body diagram to isolate individual
parts of an accelerating system,

choose the correct free-body diagram for a wmoving
block #.:ted upon by a string.

demongt vate the use of a sign conveéntivn for the
divectioi of vectors.

use friction force in a free-taldy diagram of a
moving body. '

use frictives force, tension ol ight in a free-
body diagram wo detevmine the .- 'eyation of a

body.

recoguize that the normal force .cpends upon the
motion of a body.

determine the tension in the string of an Atwood's
machine at rvest. .
determine the tension in the striuz of an Atwood's
wachine in motion.

solve a preblem with two pulleys and a massless

string.,

solve a preblem involving nultiple pulleys and a
massless string. -

determine the force.requiréd to accelerate an
object given initial and final velocitiecs and
distance travelled.

determine displacement if given the force as a

function of time. '

demonstrate how to resolve vectors.
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02 2 1% 2% recogniza that a massless pulley merely changos
the divection of a forces.

07 2 QL& om draw an Alwood wachine.
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delineate the- diffevence betvecn rass and weight,

define the weight of a body nehv the carth as the
attracltive fovee cxoried on the body by the carth.

calculate the vertical accelecacien of a hody due
to its weight alone,

determine the weight of an object near the moon.

e
-
P

realize that two massces attract cach other.

~

Crealize that weight is a force.

locate the published value for : ss of the weon.
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apply Mowton's third lor of motion,

state Nevton's thivd lav of wotion.

recopnize that at least two bodies are always
involvaed for a Fforce to exist,

recognize that, when two bodices exert forces on
each othér, cither of the two forces nay be
considered the reaztion force,
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use the coclficieat of friction to solve probleps
of molion. ' '

racogaive that the cocibicients of friction ave
ciupivical, ' '
recognize thal kinectic friction ig preportional
to the nowvnal force.

vecognizae that winetic (riction is indepéndent of
the arcz of surface contact.

recall that the force of friction always acts in
a direction opposite to the direction of wmotion.

realize that the coofficiont of kincetic friction
is less than the eoefficient of static friction.

caleulite the coefficient of static [riction
experinsutally.

show that the fovce of staltic frictien can be
used to suw=pend a block from a verticle wall.

realize thet the force of Erict@on_can be the
force uaed o accelerate a block.
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desaribe the incnatic leJ' ters of a particle
in cirenltor wolioa.

recognize that, whan a porticle moves din a
civeulur pich with coustor o gpoed, it is
accelerating due to the change in disection of
the velocity.

define uniform civeuloer motion.
\
+

recognize that the redial acceloration is equal
o vi/r . wher P . :
to v*/r, where v is the magnitude of the

o | o !
tangential velocity. . !
define-centripetal., ) .

realize that velocity can chaange by a cuﬂnéo in
direction alonca.

dotermine an cxpregsion for the distance traveled
by a particle undergoing uniform civenlar wotion.

calculate the radial acceleration from a = vz/r.

calculate the number of revolutions per minute
given the tangential velocity of a vheel.

cho:an the relative velocity of the rim of a
wheel with respect to the center of the wheel.

recognize that the tangential velocity of a whcol
varics linecarly with the radius. .
determine the tiime required for an OVblLlnP body
to make one revolution. .

* X %

-

recall that when two triangles are similar, the
ratios of the corresponding sides awe egual.



ERIC

Aruitoxt provided by Eic:

02

02

02

02

02

02

02

019 00
019 0L
0.9 02
019 03

019 04

019 05

019 006

apxply centivipetal Joree to problews of cireonlar
stion, :
1

[

reconitize vhen acenbripetal force must
applicd.

racall thal i oxbiting sotellite has only
force acting-—its weight,

recall that the. centripatal force can be
caleculated from I' = nvw”/r.

calculate "the centripelal fowce using ¥ =%/ «.

use Newton's secdond law and the relationship for
centripetal force.

i
X . i
combine circular motiou and lincar molticom problems.
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answer fundasental questions and solve probloems
pertaining to the work done by a constant force
(graphically and analyt 1c_g1]]y)

solve one-dimcus iund] problems for the work done
by a constant force acting on a particle,

identify the force-versus—displacement g.aph

which represents a constant force.

%
3%

define the work done by
on a particle) whon the
displaccment are in the

X

a constant Fforce! (acting
force and the particle
same direction (W =

Fss).

20
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use the definition of work,

&
~
7>]

! 2
= F cos0 dy = I ds L. (1)

to solve problems pertaining to the worlk denc by
a variable force.

compute the work done by a force whose component
along the direction of motion varies Lincarly
with the displacement. : :

usc the fact that the integral in (1) is cqual
to the .area under the ¥y versus s curve to
compute the work done by a varying force,
geometrically.

use (1) to determine the work done by any force
whose dependence on displacement is kunown : .
direetly or indivectly. '

compute the work done by a spring obeying Hooke's
law in moving a mass from one point to another.

e
'3
P

use the fact that the integral in (1) is cqual to
the area under the F VErsus s curve to compute
the work done by a varying force geomelrically.

recognize that a spring obeys Hooke's law, if the
force applied by the spring when it is deformed
is proportional to the deformation (elongation or
compression). : :

recognize that in general work is defined by
equation (1) above.
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define power and solve problems for the power
delivered by a moechanical -system.

A . > o> .
derive the cxpression P o= PFey, for the instan- -

‘tancous power delivered by a force F applicd on

a pnrticlg vhen the particle is woving with a
velocity v, and use it to solve problems.

define power as the time rate at which work is
being done (P = dW/dt). '
recognize the units of power in the thréc stan-
dard systems as well as the horsepower and
convert from one unit to the other.

analyze the forces acting on a body on an incline
to their parallel and normal components.

iy e e e e
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Tanswver Tuadaiental. quest fons relating Lo the

physical signilicace of the kinetle envrgy of a
body.

use the work--encrgy theoren to determine the
amom b ol work required to change the speed of a
particle to a given vilue,

use. the work encryy Lh“O]Lm Lo derive the

cquation v? = Vo? 2 d'(l - ¥ )

use Lthe above oqurll"mn to compute the speed of a
block after it has traveled a given distance along
an inclinaed plane.

use the work encrgy theoiem to show that a
projectile hits the ground with the same speed
with which it is projected (from ground level).

use the work encrpy theorem to determine the
kinetic energy of a projectile at its highest
altitude,

COmpuLc the kinetic energy of a moving body from
(1/2)mv?*, making sure to convert Lo all

_uanLlLLes 1nvolved to the appropriabe units.
q / Pproj

use the work-energy theorem to compute the
average {orce acting on a bullet, given the
penetration inside a block of wood.
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analy«c evenls
conservative (dissipative) forces.

favolving conservative and non-

give some examples of conscorvative forces; i.e.,
the elastic force of an ideal spriang, the force

of gravity, etc.

. R4 . .
define a force F as conservative if the

work done

by it on a particle that moves through dny closed

path is zero; i.e.,

.

> o .
Feds = 0 .
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answer fundarental questions and solve problems
relating to the nature of mochanical potential
encrgy and the units used to measure it

use the fact that when a conservative force is
applied AK -+ LU = 0 to show that W = -AU.

+ combine the work-energy theovem, W = AK, with the

conservative relationship AK + AU = 0 to derive
the relationship

(l/?.)mvo2 +U(xy) = (-1/2)mv? + U(x) .

recognize that the-values of potential and kinetic
cnergies of a system depend on the frame of refor-
ence relative to which the position and velocities
involved are being measured.

recognize, using the concept of conservative
forces, that any change in the kinetic cnergy of
a body, AK, must be accompanied by a change in

-its potential energy, AU, such that AK = -AU or

AK + AU = 0 .
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. > .
the definition I o= «VU (or U = ~fb dL) to
rmine the foree when the potential is given,
Teo oversa,

wine any Cartesian componcnt of the force as
wnetion of %, y and z [li (%, y, 2)], given
Y, 2).

cermine ¥F(r), given U(r).

rgrate the expression for tlie force to find an
ression for the potential eunergy.

sgnize that potential enecrgy is_a relative

atity; its value at a point in space depends

a the choice of the point at which Lhc potential

weerpy is taken Lo be zero.

M
¥
Y

Iy

: the partial derivative of a function of more-

i1 one variable.

20



(G use L. o ool consarvario
cnerpgy Lo Cooeovarious problers Hineia
where cou . sation of wochanicn Tuy ds
applicable,

cchanfeal
1
S

ice

g b find the hiy st point reached L, = hody pro—
jected vertizally upward,

S Y solve probl.ms involving motion -1 frictionless
non-horizontal surfaces, '

. . i
G2 00T 93 solve problom involving the moti i1 of a simple
pendulunm.
20220 D4 solve problems involving mass~spring systens.
. . i
Wer 20027035 solve problems involving motion on surfaces with

friction by recognizing the fact that the total
mechanical ecunergy is no louger constant but is
reduced by an amount equal to lthe work done
against frictic ..

43 2 EZ7 0 solve problems involviung motion in a path which
includes a circular loop.

* % %
03 Z (027 21. recognize. that the gravitational potential energy

of a body, when the surface of the carth taken as
the zero potential level, is given by U = mgh
(vhere h is the altitude of the body). )

03 2 027 24 use the fact that for a spring F = -k(x - %,)
along with the definition U = —fF_dx to derive
the expression for the elastic potential cnergy
of a spring, U = (1/2)k{x - xmbz,
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v fundacs i1 questions o the concapt W’
v of mass, wnd locate i contor of mar of
~Lot s bhodies.

Troo ize that e center of wwus of a body rowes
o same way. whal a partic o of equal wass
:Loto the soom external ces would moroe,
roavevied the et external for . acting on the
Zr s applic | along a line cassing through he

5. s of mass .

-7y that the ¢ oter of —as of a body Z: =

T fixed relati to the bhody but not
. sarily within e material of the bodx
swo adze that the ¢ ter of mass of a sys: of

w0 particles Ites afiomg the line Joining ¢ . . two
Fecticles and its posftion is 4l nass-weiinted
mean of the positions of the two particles.

. iermine the coordinmtfes of the ‘center of & ss
w2 a system of particiles,

recognize that the position of the center of mass
of z system of particles does not change if =
parzicle is added to the system at the location
of tme center of mass. :

#uluce that the position of the center of mass «©of
= gystem of particles does not change if the
-mzses of the particles are changed proportimmately.

dedue that the position of he center of mass of
a system of particles does nzt chamge if the
ditstances of the pmrticles from. their center of
mxss ame changed proportionately.

&etrmine the center of mass of a symmetrical &wo
dEmermsional body by itecognizing that the center
of wuzss of a hemogew:ous symretirical body lies at
i¢s geometric center.

select the most conwenient « leront of area for
determining the center of moss of a body by
integrations (dm = jmdA)..

. [}
use inttegratioms to sstersim e center of mass
of a homogenemws trimmgle.

N
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describe the concepts of and LG e oI
t

relating to the motion of the weates . f

determine the accelevation of
of a system of two particles = .o
forces.

recognize from Newton's third Ly the.
forces cancel out in pairs and . oo ol

NN

iTNsS,

ol nass
by ogiven

removal does mot affect the mot. 12 cenler
of mass. '

define the center-of-mass rafere: foome, and
compute the kinetic energy of a ¢ - = of

particles relative to their cente- wi 1

185 frame.

e
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1 030 65

1030 06

1 030 07
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1 030 27

SOV oot Lt Uias i*‘\’(‘] v
consi. 1t
calculo: Lo tho o
and v.  ocity

1P yon.,

of total Tw..
th given wei.oci-

find 1
systenr of mas o

MOMEII . e

deters o tuw
oF a svrtew of masses with givea v
(o momcnte).

find the velocity of the cenier of
system of musses given the total o

the systen.

use Newion's second law of moti

direc:tion of tihwe totl: .
Tocities

sramonlum

mass of a

cmdlion of -

Lo doternine

the force exemted on a body, giv .~ ~he rate

at vhich the body's momentum is char

use Newton's second lav of motiom it delermine
the acceleration of a body, givem ithe wato at
which the body's momentum is chammizig..

determine the momentum of a body

given the body"s kinetic energy.

kmown ‘mass,

mecognize that ithe forces involi..d im the

situation above are internal formess

henco,

the center of mass remains staitiwnary.

% % %

define momemtmm @s a vector quimtity ccmal to
the product of the mass and the welocizyF ef a

body (B = m).

expres® MNewton's second law of mmtdiom in the

fzrm

> -> ->
‘¥ = dpfdt = ma

where the last equation holds omly for comstant

mass..

use the defimftFon of momentum anc. kimetic

energy to deriwe the relation

K=-p2/2m .
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31

I 3L

31

{31

0C

01

anc ool b0 e owerbo” quorsticns gid solwve
preblc crtciping to situaticns dn which
CONE TV, o f o oontus is & osignificant
facton

use oo satlien of momiantw Lo determine the

speed rovboat of keiwn o iss just after a

man, aw =L knowvn mass, di.o s off the boat
witlh: a v horizental cor aent of veloeoeity.

state ot the toial moer .um of a system of
particl: . rowzins censt .77 the vector sum
of the c-turnal foerces Zng on the system is
zero; an. - or) variatios of thiis principle.
compitte ti specd of a Ifredghs car with
certain S.o.tizl speed afi r iz cellects a
given amcunt of rain.

et e
“w /N

relate Mewton's thixrd lav «f motion to
conserviatiion of mormentun.

differectiszte between intcrual and external
forees cf & systom.
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032

032

032

032
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032

032

00

01

03

04

05

06

o
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25

=0l Loocubum probles invalvin Lodics vith
varto b s,

che Frmma Fist o cguations the on wvhich
per e o2 reckei Lolted on the Jaunching

oacs gfven thie renerol equotisn for o rochet.

comrrorT e ik it to'ies a pociieu’ ar rocket
to o Tlov o dte maximan speed, o ven the rato

at wuech fmel is comwsar

"
Wil .

determime the meximum upvard spoed of the
rocksy above, given the speed ¢f the exlizust
gasws welative to the rocket.

the one that

ot

selecs. from a list of equs
.

appliss wo a “raimdrop fal
atmosphere. "

use timz egusition ]* = x) dm/dt for u conveyor
belt carrying sand at constant velwcity to |
derive an expression fer the cost in moving a
total mass m, ‘given the cvst per :mit emergy

derive an expression for the cest of moving

- ‘mass of sand m, if the cenweyes belt starts
trom rest with all the sand on it rather thon
e samd LEall on it att the vrace dmydit.

ot
¥

P g

.*.

recognize that a rocket achiieves fits maximun
(upward) speed at the momems alll tire fuwel is
consumed. :

recognize ‘taat the equation derivec for a
rocket appiies to other sitvatienc Im which
the m=ss is varying.

recognize irat what vz are payimg Zwr is total
energy used and not the rate at which energy
is used ug; i.2., the power.

throwsh a misty.
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04

21
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78]

clyoe miteaticas which dnvelve not Fupnlsive

Ty

forces acting on bedics of const-nl wass.

use the impulse zon.ntus principlie to find an
expression for the inpulsce irparicd to a
particle of known mass if its.initial and
fimal velocitics zre giwen.

apply Newton™s thisd law of moliom to show that
the Impulse fmparted by a particle 1 to
particle 2 (J,;) i» equal in mcgnitmde and
opposite in direction to the impulse imparted
by particle Z to perticle 1 (3]2).

determine the expression for the moncntun of
the center of mass of two particles afier each
particle is givenm an equal and opposits impulse
by the other partiele (internal forces), if the
comreon initizl velocity and the masses of the
particles are giwvem.

usc  the iopulse-momemtum prineiple to compute

the final mommntum of a body ol given initial

momertum,, after a given impulse Fn imparted to
the body.

select from a Idst of statememts tlhe one that
gives the rezoom a hammer is mowe effective
than a hvwan thuoed in driving @ €0 wab back
into @ piecce af Bard weod.

state the impulse-momentum principle.

recognize that fimpulse ig a vector and must be
treated as such.
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34

use anazlytical othods to solve problers brsed
on the dcfinition of impulse,

2
-> e d

Jij, = Fat.

find the magnitude of the iwpulse imparted to

a block by a force which varies proportionately
with time and is exerted to the block for a
certain time period, T.

calculate the total time during which a given
average force is acting if it imparts a given
impulse to an object.

compute the work done to a body by an impulsive
force, given the magnitude of the impulse
imparted to the body by the impulse.

use the definition of impulse and the impulse
momentum principle to solve various problems
in kinematics.
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04 2 035 01

53]
L

usCe graphical wmothods to solve proebplens based
on the definition of impulsc

+
J

1]
o
(A%
r

12

calculate the magnitude of an impulse imparted
to an objcct by computing the areca under the
force versus time curve.
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03

ansier verbal ¢aestiens and onolyze situvations

dealing with two-body collision:s.

use Rewten's third lavw of motion to conclude
that in a collision between tve bodices the
mutual forces cxcrted by the Liodies on cach
other are ejgual in magnitude aud opposite in
direction.

identify, from a given list of phenomena,
those that constitute collisions between
objects. '

recognize that the net external force applied
to a system being zero is a necessary and

sufficient condition for conservation of

momentuin.
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02

03
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27

answer fundazental questions and solve
problems pertaining to all one-dimensional
non-relativistic collinions,

rceognize that in inclastic enllisions Itinetic
encrgy is not conserved; hence no "energy
equation' can be written for such collisions.

relate the f%ct that in a collision between
two bodies Ap1 = ~A32 to Newton's third law
of motion.

recognize that conscrvation of kinetic encrgy
is what distinguishes an clastic collision
from an inclastic one.

writce the "momentum equation" applicable to
any one-—dimensional collision between two
bodies.

solve problems on one-dimensional collisions
which are neither perfectly eclastic nor
pexrfectly inelastic.

solve problems on onc-~dimensional collisions
which are perfecctly clastic,

solve problems on one-dimensional collisions
which are perfectly (totally) inelastic.

IS L Y
w o e W

define a perfectly inelastic collision as one
in which the two colliding particles stick
together after the collision.



04 3 0238 00 anvswer Tundawent 2] ¢uentions and solve problens
involving two-~dimensional cellisions.

36 01 solvoe problenws involving two~dimensional,
04 3 038 01 s0) blems involving two-d 1
pexfectly inelastic collisions.

04 3 038 02 solve problems involving two-dimensional,
perfectly elastic collisions.

. - 04 3 038 03 solve problems involving two-diwmensional
collisions which are neither perfectly elastic
nor perfectly inelastic.
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39

answer fundamental questions relating to early
attempts to understand the solar system.

recognize that Kepler formulated his laws of
planctary motion based on observational data
compiled by Tycho Brahe.

select: from a list of verbal statements the
one that best represents Kepler's first law
of planetary motion.

use Kepler's third law of planetary motion to
determine the relationship between one Pluto

year and onc earth year, given the mean radii
of the two planets' orbits about the sun.

state each of Kepler's three laws of planetary
motion. ‘
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40

analyze ‘verbal and mathematical statements
relating to Newton's law of universal
gravitation.

recognize that Newton's law of universal
gravitation does not answer the question:
"Why do bodies attract each other?"

recognize that the universal gravitational
constant, G, must be determined experimentally;
it cannot be computed from theory.

recognize that Newton's law of universal
gravitation does not imply that the force of
gravitational attraction between two bodies is
independent of the shape of the bodies; in
fact Newton formulated his law in terms of
point particles. ;
1

recognize that the constant of universal
gravitation, G, is just that -- a universal
constant; its value is the same everywhere in
the universe.

SR

recognlze that a major accomplishment of
Newton's law of univérsal gravitation was
the derivation of Kepler's (emplrlcal) laws
of planetary motion.

recognize that a second majbr'accomplishment
of Newton's law was the synthesis of terrestrial
and celestial mechanics into a single theory.
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solve problems based on Newton's law of
universal gravitation.

compute the radius of Phobos' (Mars' satellite)
orbit about Mars, given rl¢ value of g on Mars,
Mars' radius and the period of Phobos.-

calculate the mass of Mars from various data
on Mars and its satellite Phobos.

calculate the gravitational force exerted of
the electron revolving about the proton in the
Bohr picture of the hydrogen atom. '

calculate the value of g on the surface of the
moon, given the moon's radius and mass.

1

s !

LI S

derive the relationship a « 1/r?, for the
acceleration of a body resulting from the
gravitational force, using Newton's law of
universal gravitation and his second law of
motion.
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42

answer fundamental uestions and solve problecus
related to the variation of the value of g.

recognize that the period of a simple pendulum,
measured with a spring chropometer, depends on
the point of the "universe" at which the
period is measured.

state that the wallue of g decreases as the
dizttzmce from. the center of the earth increases.

crmmpate the weight of a body of known mass at
a gziwen altitude above the surface of the
eartiy., :

compute the dffference in the weight of a mass
of known mass between a point on the equator
and :a point on either pole of the (assumed
sphexrical) earth.

compuie the difference in the weight of a mass
of konown mass between a point on the equator
and @ point on the surface of the earth of
given latitude. .

recognize that- a lever balance measures the
=ass of an object; hence, the "weight" of a
mzn would be the same at a point on the equator
and a point on either pole if the "weighing"

is dome with a .lever balance.

I

derive an expression of the period of a simple
pendulum and show that*it depends on the value
of g at the point the pendulum is located.

recognize that part of the difference in the
value of g between the equator and the poles
is due to the earth's rotation about its axis.

derive an expression for the period of
oscillations of a mass-spring system and show
that it is independent on the value of g.
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05 1 043 02

05 1 043 03

answver fundamental questiisas relating to the
conceplts of inertial and! gravitational mass.

select from a list of egmamriwms involving the
mass of the bodies invelmeii sose equations in
which m stands for grawvditz=:: 1 mass.

derive an expression Lhatmmmﬂﬂislvc_g on the
surface of the earth if Zhe zmawitational and
the inertial masses were & ffewent.

name various experiments oxr- Lzma ﬁhat can be
used to demonstrate that mroviics :
is conceptually different thanllmarﬁlal mass.

43.
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answer fundamental questicms and solve
problems pertaining to the application of
Newton's law of universal gravitation to
spherically symmetric bodims.

recognize that Newton's law of universal
gravitatiom, although intwodwmced for point
particles, also applies fer spherical bodies
with spherical symmetry. '

aalculate tie gravitatiomall force @n a
particle imgide a uniform spherical shell,
when a second particle fis located outside the
shell.

calculate the gravitational force on a
particle outside a uniform spherical shell,
when a second particle is located inside the
shell.

o
*

recognize that the density of a spherically
symmetric body is not necessarily uniform but
it is a function of the distance, r, firom a
point in the body (the center).

recognize that the gravitational force en a
body inside a uniform spherical shell, Hue to
the shell itself, is zero.

calculate the force exerted by a uniform
spherical shell on a particle located -omtside
the shell by considering all the mass of the
shell as concentrated at its center.

recognize that a spherical shell separating
two particles cannot act as a shield tc the
mutual gravitational force experienced by
these particles.
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ansver fundamental quesiticys and solve
problems based on the motion of planets and
satellites.

locate the center of mass of the earlth-moon
system.

calculate the altitude of =m carth's satellite
in circular orbit, if the watellite is’ to
remain directly above a cefxtain point of the
earth's equator.

derive the relations K = -U/2, E = U/2 for a
satellite in circular orbit about the earth.

calkculate the final altitude of a satellite
around the earth if it does certain amount of
work against air resistance, given its initial
altitude (climcular orbit).

fimd the speed of a satellite given the radius
of its orbit about the earth. ’
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answer fundamental quest ons and solve
problems based on the cosnicept of the
gravitational field (streangth).

compute the magnitwde of the gravitational
fiedd (strength) om the surface of Saturn.

compute the apparant weight of a known mass on
the surface of Saturn. ‘

locate the point betwcen the earth and the moon
at which the gravitational field of the earth-

' moon system is zero.

derive an expression for the magnitude of the
gravitational field produced by a uniform
spherical shell as a function of the distance

- of the field point from the center of the

shell.

derive an expression for the magnitude of. the
gravitational field strength produced by a
uniform sphere as a function of the- distance
of the field point from the cemter of the
sphere.

define the gravitational field strength; i.e.,

> M A
= -G —r.
Y )

define appaient weight.as
Wy, =mg=m(y - a))

where a, is the component of the centripetal
acceleration along the radius vector.

recognize that the gravitational field
(strength) is ‘a vector quantity.
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answver fundamental questions and solve problems
based on the concept of wravitational potential.,

relate grazvitational potential to gravitational
field.

derive an expression for the magnitude of the
gravitational Potential produced by a uniform
spherical shell ag 5 fumction of the distance
of the field Point from the center of the shell.

derive an eéxpression for the magnitude of the
gravitational Potential produced by a unifornm
sphere as a function of the distance of the
field point from the cemter of the sphere.

calcuFate tﬁe-gravitatiammiwpmmential at that
point between the carth amd wthe moon at which
the Sraviftationa] field is mero,

state that the fact that ap the point
mentioned abuwe Y = 0 whereas Vv # 0 (or U # 0)
does not comtradict the idea of choosing the
reference point for v = U= 0where y = 7 = 0.

:}L: ‘*‘7"':".

47
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answer fundamental questions and solve
problems related with the concept of
gravitational potential cnergy.

state that the potential cnergy of a mass m
placed a distance r from the center of the
earth is equal to the negative of the work done
by the gravitational force in bringing the
point from a point at infinity to the point in
question.

state that the. choice of the earth's surface
as the zero gravitational potential reference
is good only for terrestrial mechanic, where
the contributions of other celestial bodies can

‘be neglected. i

state that the expression U = mgy, for the
potential energy of a mass m at an altitude y,
is good only near the surface of the earth
with the earth's surface taken as the zero
potential energy reference.

give as a judicious choice for the point at
which the potential energy of a system (not
necessarily gravitational) is zero the point
at which ‘the force on the system is also zero.

use conservation of-mechanical energy to
compute the speeds of two. spheres when they
collide if the spheres have started from rest
on a frictionless table, given their initial
separation. '

use conservation of mechanical energy to find
to what separation the two spheres above
rebound if a given part of their energy is
lost during their collision, '

use conservation of energy to solve problems
dealing with escape velocity (speed).

find -the maximum altitude that a body attains,
given the upward speed with which the. body
leaves the earth's surface.

compute the work done against gravity in
assembling a number of particles starting
with the particles at infinity, and recognize
that this work is equal to the total potential
energy of the assembly.
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apply Coulomb's law.

define charge as the origin of electrical
force.

recognize that the electron contains the most
elementary unit of charge.

define quantization as a fixed amount of a
physical property.

recognize that resinous charge is synonymous
with negative charge.

recall that the constant in Coulomb's law
(1/4mey) is 9 x 10° N-m?/c2.

recall that the most elementary quantity of
charge is 1.6 x 107!° coulqu§.

recall that although Coulomb's law holds only
for point charges it can be extended to larger
objects by considering differential elements
of charge. '
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06 1 050 02

06 1 050 03

demonstrate the nature of charges produced by
rubbing insulators.

define an ideal insulator as a material in
which charges are fixed at all times.

recognize that positive and negative charges
stem from triboelectrifying glass and rubber
rods.

recall that positive charge is produced by
rubbing an insulated glass rod with a silk
cloth.

50
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06 1 051 01

recall the fact the quantity of charge in a
closed system does not change.

define a coulomb of charge as the amount of
charge that flows through a given cross
section of wire in one second if there is a
steady current of one ampere in the wire.
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use the concept of electric field to calculate
force on charges located in the field.

recall that Newton's second law for a charged
particle in an electric field is

<> ->
qE = ma .

recall that the force on a charge in an
electric field is

> >
F =qE .

recognize that charged particles do not
influence each other directly and that the
electric field is a go-between.
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calculate the electric field for any
distribution of charge.

define electric field strength as the force per
unit charge acting on a charge placed in the
field.

recognize that the direction of the electric
field is chosen to be the direction in which
a. positive charge would tend to move if
placed in the field.

" recognize that electric field is a vector and

must be added or subtracted as a vector.

recall that the electric field has a unique
value at every point in space surrounding a
charge particle.

recall the value of the electric field near
an infinitely large plane that is uniformily
charged.
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use an electroscope to determine qualitative
and quantitative aspects of charge.

recognize that two positive charges repel
each other.

recognize that two negative charges repel each
other.

recall that unlike charges attract.
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06 1 055 04

draw the electric lines of force due to
symmetric charge distributions.

recall that lines of force are directed -
away from an isolated positive charge.

recognize that the density of the lines of
force is directly proportional to the electric
field strength.

recall that lines of force are directed
toward an isolated negative charge.

recognize that the tangent to a line of force
at any point gives the direction of E at that
point.
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calculate the net tesgue acting on o dipych
in on clectrice 7iclé,

recall thot the pocition ¢f o dipole in an

N

electric field deteruiues the pot torgue.

reczall that the net toraue on a dipole is wero

if the dipole axis is alicned with the ficld.

recall that the magnitude of

dipole dis given by

tire torque on o

T = 2 qha sinl

recall that the magnitude of the torque in
terms of the dipole moment dis

T=E p sinb

definc a dipole moment by the expression
P = 2qa wvliere g is the electric charge and a
is the distance between charges.

define the torque on a dipole by

-)- ) -5
T =7 %I,

calculate the dipole moment from its charge
and separation distance.

define the torque on a dipole as the derivative
of the work with respect to the angular
displacement,

.

T

recall that for distant points along the
dipole axis, the electric field varies as
the inverse of the distance cubed.
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define electric flux through any surfacc.

recall that electric flux is a measure of
the lines of force that cut through an
arbitrarily specified, hypothetical surface.

define the vector direction of a surface as
the direction of a vector perpendicular to
a surface. -

recall that electric flux can be approximated
by

> >
¢ = LE*As .

recognize the analogy between f1u1d flow and
flux.

recall that flux (symbol ¢) is a property of
any veezor field.
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calculate the electric flux through any
surface. '

calculate the electric flux through a surface
parallel or perpendicular to the electric
field.

calculate the electric flux through a surface
at an acute angle to the electric field.

~calculate the electric flux through a surface

part of which is parallel and part of which .
is perpendicular to the electric field.

calculate the electric flux through a. half
cylindrical shell,

calculate the flux of fluid through a pipe.
calculate the flux through a hemispherical

shell whose flat surface is perpendicular to
the electric field.

" calculate the flux through a hemispherical

shell whose flat surface is parallel to the
electric field. ©
recall that the magnitude and direction of

the field vector must be known at every point
on the surface in order to calculate the flux.
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09 1 066 02

recognize that the electric flux through any
closed surface is zero-in the absence of a
source within the closed surface.

recall that flux is a scalar and may be added
algebraically.

define electric flux as positive when, for a
closed surface; the lines of force point
everywhere outward. ’
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67

apply Gauss's law.

recognize that a positive chirge acts as a '
source of flux and a negative charge acts as
a sink of electric flux.

- recognize that a negative line of charge with

a closed cylindrical surface acts as a sink
of electrical flux,

recall that the net flux through a closed
surface can be found from

where ¢, is the flux due to the positive ..
charges and ¢_ is the flux due to the negative -
charges within the closed surface.

recall that Gauss's law states that the
electric flux through any closed surface is
directly related to the algebraic sum of the
charges enclosed.

recall that a Gaussian surface is best defined .
as any closed surface, whether or not there is
a charge present.

recognize that the general form of Gauss's law is

fE'dS=e .
(o]
recognize that the q term in Gauss's law indi-

cates the net charge enclosed by the Gaussian
surface. :

recall that the electric flux through any closed
surface is independent of the location of charges
within the volume enclosed by the surface.

recall that for a charged, insulated couductor
in electrostatic equilibrium, the electric field
is zero everywhere inside the conductor,
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Demonstrate the use of Gauss's law to determine
the value of the electric field at a point.

recall that Gauss's law car .e used to determine
the value of the electric iield at a point.

recognize that the most convenient Gaussian
surface to determine the electric field around
a point charge is a spherical surface.

recognize that the electric field outside of a
charged spherical conductor decreases as one
over the radius squared.

recall that for a spherical Gaussian surface
surrounding a point charge at its center, E is
constant everywhere on its surface.

recognize that the electric field outside of a
charged, spherical non-conductor decreases as one
over the radius squared. T

use Gauss's law to demonstrate that the field
inside a uniformly charged non-conducting sphere
can be found by - '

E:._Q].:__
3 g,

recognize that the electric field inside of a

- charged spherical shell is zero.

describe th2 Thompson atom as a sphere of radius
lO'lo-m with the positive charge distributed
throughout: £he atom.

describe the Rutherford atom as a sphere of radius

_10'15 m with the positive charge concentrated in

the nucleus,
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use Gauss's law to determlne Lhc distribution of
charges in a conductor.

recognize that the charge from a previously charged
metal ball touched to the inside surface of a
conducting can will rculde on the outside surface
of the can. '

recognize that a pith ball introduced into a
charged conducting pail w1ll have no electric forces
acting upon it. -

define the symbol p (rho) as the charge per- un1t
volume.

define a uniform, spherical charge distribution .
as one in which the charge density p is independent
of the orientation or distance from the céenter of

the sphere.

recall that the symbol A (lambéa) is used to represent
the linear charge density.

recall that the surface charge density on a conductor
may vary from point to point depending on the shape
of the surface of the conductor.

demonstrate that excess electric charge resides on
the surface of a conductor.
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demonstrate graphically the variation of the

distribution.

recognize the
with distance

recognize the
distance from
cylinder,

recognize the
distance from

recognize the
with distance
cylinder,

recognize the
distance from
sphere.

_electric field with distance from a charge

variation of the electric field
from a charged'conducting sphere,

variation of the electric field with
a uniformly charged, non-conducting

variation of the electric field with
two concentric, equally charged spheres,
variation of the electric field

from a hollow, charged, conductiné

variation of the electric field with
a uniformly charged, non~conducting
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define electric potential difference between
two points, A and B, as the work per unit
charge that must be done to move a positive
test charge from A to B, always keeping the
charge in equilibrium.

recall that the electric potential.is
determined between points A and B by the
equation,

Vg = Vy = —= .
B~ VAT

recognize that the work term appearing in (01)
may be positive, negative or zero.

define electric potential at a point as the
potential difference between the point and
infinity, infinity taken as the zero reference.

recognize that the work Wpp and consequently
the potential difference Vg - V, appearing in
(01) to be path independent.
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ansver questions and solve problems dealing
with the electric potential due to a point
charge.

" calculate the electric potential due to a

point charge.
identify the volt as a joule per coulomb.

recognize that the equipotential surfaces of
a point charge are concentric spheres.

calculate the charge which produces a given
value of electric potential at a specific
point in space.
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answer questions and solve problems dealing
with the electric potential due to a system
of point charges. i
calculate the electric potential due to a
system of two or more point charges.

derive-the potential due to a dipole at a
distance far away from it.

calculate Ey when the potential due to a
dipole is given. )

recognize that the amount of work one has to
do in bringing a test charge to a distance x
from a dipole along the perpendicular bisector
of the dipole axis is zero.

derive the electric potential due to a
quadrupole at distance r on its axis.

- calculate the electric field intensity E at a

distance r from-the quadrupole on its axis.
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answer questions and solve problems dealing
with the electric potential due to a continuous
charge distribution.

calculate the electric potential due to a
continuous, line, charge distribution.

calculate the electric potential in the region
between two infinite, conducting, charged
sheets.

~calculate the distance between equipotential

surfaces whose potentials differ by the given .
voltage in the region between two infinite
conducting, charged sheets.

calculate the electric potential due to a
uniformly charged ring. '
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solve problems and answer questions on the
relationship between electric potential and
electric field intensity.

recognize that the electric field in the
direction of & is derivable from the electric
potential by the relation

S

Eg = -

calculate the electric field intensity at a
point along a given direction when the electric
potential is given as a function of distance.

identify graphicaliy the relationship between
electric potential and electric field
intensity.
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answer questions and solve problems concerning
electric potential energy.

specify that the electric potential energy of
a charge distribution represents the work to
establish a specific charge distribution.

determine the electric potential for a system
of more than two charges by computing the
electric potential energy for each additional

charge separately and adding results
algebrzically.
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answer questions and solve numerical problems
involving the physical significance of
electric capacitance. -
recognize that the capacitance of two equally
charged conductors separated by a non-
conductor is defined as the ratio of the charge
on either conductor to the electric potential
difference between them, C = Q/V.

show from the definition of capacitance that
the unit of capacitance is the farad (F),
which is a coulomb per volt. .

“calculate the charge on a plate of a

capacitor when its capacitance and thHe potential
difference across its terminals are given.
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answer questions and solve problems involving
the capacitance of a parallel-plate capacitor
having two plates each of area A, separated
by a distance d in vacuum.

write the expression E = q/Ag, for the electric
intensity between two equally charged plates
(opposite sign) in a vacuum.

recall that the electric pntential difference
of a pair of erually charged parallel
conducting plates.is given by

V = Ed .

write that since C = Q/V the expression for
capacitance for two equally charged plates
becomes

C:iO_A_
d L]
calculate the capacitance of a parallel nlate

capacitor when the area of the plate and the
separation between two plates are given.
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solve problems involving capacitors with
various conductor-pair geometries and the
corresponding capacitance.

calculate capacitance of a capacitor consisting
of two concentric, conducting, hollow spheres
with radii r and R, respectively.

calculate the capacitance of the earth,
viewed as an isolated conducting sphere with
a radius of 6400 km.

calculate the capacitance of a capacitor
formed by two concentric hollow cylinders
with length £, having radii a and b,
respectively.



11 1 080

11 1 080

11 1 080

11 1 080

11 1 080

11 1 080

11-1 080

11 1 080

11 1 080

00

01

03

04

05

23

25

35

&Q

solve descriptive and numerical problems in--
volving capacitors in series and parallel
combinations, . (Notc: All interconnecting
wires are resistanceless,)

define tue cquivalent capacitance of a .com-
bination of capacitors as that capacitance
which could replace the original combination
in any electrica’ circuit without changing
circuit operation.’

recognize that the potential difference across
any capaclitor in a parallel combination is

the same as that across every other capacitor
in the combination.

calculate the equivalent capacitance of a -
number of capacltors all connected in parallel.

recognize that the sum of the potential
differences across a group of capacitors in
series is equal to the potential difference
across the combination,

recognize that the charge stored by a series
combination of capacitors is less than that
charge that would be stored by.z.y of the
elements of the combination if the same po-
tential were applied across it.

O

XX %

derive the equation which shows that the
equivalent capacitance of any number of
capacitors in parallel is the sum of the
individual capacitances.

derive the cquation giving the equivalent
capacitance of any number of capacitors in
series as :

1 1. 1
— =% 2+
C C C

e R ind

. 1

. o e . + T .

3 c.

state that the equivalent series capacitance

is always smaller than tbe smallest capacitance
in the group.
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11 1 081 00 show the steps in deriving the capacitor anr?y
equation
1
U = < ¢v?
2

where U is the electrical energy storced in the
electric field, C is the capacitance, and V
is the potential difference across the plates.

11 1 081 01 state that any charge configuration has an
electric potential energy U equal to the work
W required to assemble the configuration from
its components originally taken as 1nf1n1Lc1y
far apart and at rest,

11 1 081 02 state that, if a charge q is moved from one
plate to the other of an initially uncharged
capacitor, the potential difference across
the capacitor will be

V= q,/C .

11 1 081 03 state that, t{f an additional increment of
' charge dq is moved from one plate to the
other of a capacitor across which a potential
difference V = q_/C already exists, the work.
increment will be

(9,/C) dq .

11 1 081 04 recognize that, if in a capacitor the charging
: process is carried out until a charge Q has been
trant.'erred from one plate to the other, the
total work done is given by

A
W= (q/C) dq .
o
11 1 0482 05 integrate the eﬁpression.

rQ
W fjf (¢/C) dq .
(o]

1
wo 1%
2 C

to obtain




81 (cont.)

11 1 081 66 use the relation Q = CV to chuhge

W= (1/2) (Q*/c)

1

to the form

it

W= (1/2) cv? .

11 1 o081 07 recognize that the work done in charging
a capacitor (W = (1/2) Q*/C = (1/2) «v?)
is stored in the capacitor as electrical
energy.

e
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analyze fully any capacitative circuit;

that is detecrmine the equivalent capacitance,
the charge in each capacitor, the potential
difference across each capacitor and the
energy stored in each capacitor.

determine the equivalent capacitance of a

circuit consisting of capacitors connected

in series and in parallel.

determine the total charge supplied by a
battery to a circuit of capacitor whose
equivalent capacitance has teen computed.

determine the charge stored in each of the
capacitors in a capacitative circuit knowing
the total charge supplied by the battery. -

determine the potential difference across
each of the capacitor in the circuit of the
foregoing problem.

determine the energy stored in each of the
capacitors of the above circuit.

“analyze the situation in which the battery

is removed from the above circuit and a new
capacitor connected in its place. In ‘partic-
ular find the charge in the new capaci:ar.
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‘K as

predict the effect of adding a dielectric of
known dimensions and material to a vacuum
capacitor in both dre - iptive and quantitative

-situations.

state that when dielectric is placed between
the plates of a charged capacitor it is

. pulled into the gap by attractive forces.

select from a list of alternatives the cha-
racteristics of a dielectric.

recognize that when a dielectric is inserted
into an isolated charged capacitor, the
potential difference across the capacitor
drops. '

write the capaéﬁtance equation for a parallel-
plate capacitor with a dielectric of constant

KEoA
C =
d

in which E permittivity constant of free
space,
A = plate area, and

- d plate separation.

it

calculate the capacitance of a capacitor of
known air capacitance when the capacitor is
immersed in oil of given dielectric constant.

calculate the ratio of potential differences
across two identical capacitors given identical
charges if one of them is filled with a di-
electric of known K.

state that the .induced surface charge on a
dielectric tends to decrease the electric

"field between .the plates of a capacitor by

a factor of K.

3. .cate that, when trv ' capacitors of identical

dimensions, ome usi:~ - wvacuum and the other a
material diclectric vi dielectric constant K,
are given ti2 same chaxge, then V = V /K where

V is the potential difference across the ca-

- pacitor with dielectric and V is’ the potential

difference across the vacuum capacitor.

&3



11.1 083 24

"define the dielectric constant K of a

material as the ratio K = Cd/CO s where
Cq = capacitance with dielectric and
C, = capacitance without dielectric.

83 (cont.)
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disrugs the nature of the clectric current ond
the units uscd to weasure it.

recall that clectrons are in random moticn in
an isolated metallic conductor so that the net
directed motion in any dircction is zeroc.

recall that the electrons in an isolated metal-
Jic conductor placed in an clectric field re-
arrange themselves to produce a field-frec
region in the interior of the conductor.

state that any excess charge on a conductor,
regardless of its sign, will distribute itself
uniformly throughout the surface of the con-
ductor.

state that a continuous current will be present
in a metallic conductor if a continuous field
or potential gradient can be maintained within
it.

"recognize that a battery or chemical cell can

produce such a continuous field or potential
gradient in a metallic conductor when properly
connected to it.

give the direction of motion of electrons in
a metallic conductor as being opposite to the
direction of the clectric field within it (or
the potential gradient).

state that the magnitude of the electric current

is equivalent to the rate of transfer of charges
past a given point in the conductor or 7 = dq/dt
where © = current, dq/dt = rate of transfer of
charge.

recognize that one ampere of current is the
equivalent of one coulomb of charge per second

‘passing a given point in a conductor.

define current density (j) as § = /A where A
is. the cross~sectional area of the conductor in
which the cvrrent is uniformly distributed.

solve a problem in which the current density

in a wire of known diameter is to be determined
given the value of the steady current through
it. )
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define and use resistivity and resi- wice din
the solution of verbal and numcrical problems
involving sinple electric circuits,

defivie the resiste o () of a specific con-
ductor as the ratio of the potential differcnce
(V) applied acrouss two pointe on it and the
current {(4) wiich then appears in it; that is,
R=V/i,

define the resistivity (P) of. a conducting
material as the ratio of the clectric intensity
(E) and the current density (j) or p = E/J,
provided that the material is clectrically iso-
tropic. '

derive, using £ = V/% and'J = 1/A, the re-
lationship R = p (L/A) where § = length of
conductor and A = cross-sectional area of con-
ductor.
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11 2 086

11 2 086
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01

02

03

04

‘resistance vwhether the conductor is

&6

apply Ohm's law to the solutien of problems
for which this law is suited. (That is, for
conductors wvhosaz resistance is independent of
voltage or current).

define a linmear conductor or circoit ac one
in vhich the resistance is independent of
voltage or current.

recognize that R = V/Z consistently defines
linear or

non-linear.

determine the voltage applied across a linear
circuit given data which peraits the calculation
of resistance and current.

determine the current in a linear circuit
given the voltage and resistance.



12 1 087 00

12 1 087 01

12 1 087 02

12 1 087 03

12 1 087 04

12 1 087 05

describe the action and function of a source of emf
in a simple electric rircuit.

define a source of emf as a device that is capable of
maintaining a potent’al difference between two points
to which it is atta i d. '

list a dry cell, a storage battery, and a generator
(dynamo) as comnon seats of emf.

state that the emf € of a seat may be detined from
€ = dW/dq where dW is the work dome by the seat on a
charge dq.

identify the types of energy transfers and the device
which_makes eich conversiors.

recall that an emf is a device in which the energy
transfer is theoretically reversible.



12 1 088 00

12 1 088 01

12 1 088 02

12 1 088 03

12 1 088 04

88

recall Joule's law: in an electric circuit containing
linear elements (R independent of i), the rate of
development of heat (H) is directly proportional to
the square of the current or

i _ 2p,
dt

recall that the amount of energy transformed in moving
a charge from a to b is given by dU = dq V,p in which
dq is the transferred charge and Vabis the pctential
difference between a and b.

recognize that power, time-rate of energy transfer, is
described by au _ .

dt + vab ‘

recall that for a resistor R = X'and therefore that the
rate of heat production may be fritten

p=di_dU_ ;2 which is Joule's law.
dt dt
recogni  that Joule's law applies unly to resistors and
may be .ten in any one of three ways:
P = izl’
2
P=2X
R



12 1 089 00

12 1 089 01

12 1 089 02

12 1 0839 03

89

solve typical problems involing Joule's law.

solve problens in which the current and rate
of heating in a resistor are given to find
the resistance.

solve a problem in which are given

(a) the voltage across a wire

(b) the length, gauge and material of the wire
to find the rate of Joule heating.

solve a problem in which are given

(a) the rated power dissipation of a resistor
at a given voltage

(b) a new voltage to which the emf drops in
order to find the percentage drop in heat

output at the new voltage assuming constant
R.
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calcula z the current in single loos

ist
circuits, given the required circuit constants.

recall the expression relating circuit current
to emf and resistance, i.e., i = €/R.

recognize that a specific point in a single
loop circuit can have only one potential at
at any time with respect to a given reference.

state that the algebraic sum of the changes in
potential encountered in going once around a
single loop circuit must be zero.

write the loop equation including the internal
resistance of the seat of emf, i.e., €-ir-iR=0,

where r=internal resistance.

solve a numerical problem involving a single-
loop, single resistor circuit for which are
given €, i, and R to find r (internal
resistance).

solve a numerical problem involving a single-
1l6op, single resistor circuit for which are
given i, r, and R to find €.

state tlie sign conventions. for voltage drops
and emf's as follows:

1. the voltage drop is positive (+iR) if
a resistor is traversed opposite to
direction of conventional current:
negative (-iR) if traversed in some
.direction.

2. the enf is 3051t1ve (+€) if the seat is
traversed in the same direction as its
.emf: negative (- g€) Lf the seat is
traversed in the opposite direction.
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12 2 091 00 solve problems involving resistors in series, parallel,
and series-parallel combinations when only one seat of
emf 1s present in the circuit.

12 2 091 01 state that the potential difference across each resistor
in a parallel circuit is the same.

12 2 091 02 state that the value of tha current in each resistor of
' a series circuit is the same.

12 2 091 03 recognize that the currents in any two elements of
a parallel civcuit are inversely proportional to
their resistances or I,/I, = R,/R;.

12 2 091 04 recognize that the voltage drops across any two
elements of a series circuit are directly pro-
portional to their resistances cr V,/V, = R;/R;.

12 2 091 05 determine the equivalent resistance of a series
circuit, ‘

12 2 091 06 determine the total current in the seat of emf of
a series-parallel circuit. .

12 2 091 07 determine the voltage drop across each yesistor
of a series-parallel circuit.

12 2 091 08 determine the equivalent resistance of a parallel
circuit,
12 2 091 09 determine the current in each resistor of a series-

parallel circuit.
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12 2 092 01

12 2 092 02

12 2 092 03

12 2 092 04

ansver questions relative to the methods of application
of Kirchhoff's rules to electric networks.

recognize that Kirchhoff's first rule implies that no
charge can ever accumulate at a branch point; i.e.,
consevrvation of charge.

recognize that the direct basis for Kirchhoff's second
rule is conservation of energy.

state that the sign convention to be used calls for
assigning a plus (+) sign to a current which approaches
a reference branch point and a minus (-) sign to a
current which leaves the reference branch point.

identify the branch points and loops in a typical
electrical network containing at least two scats of
emf and at least three loops.



12 2 093 00

12 2 093 01

12 2 093 02

apply Kirchhoff's rules to the solution of
numerical problems ranging from simple to
more complex multiloop networks.

solve problems with numerical values
assigned to all €'s and R's with the
loop current being unknown.

solve multiloop problems with mumerical
values assigned to all €'s an R's with
the loop currents being unknown.

93



O

ERIC .

Aruitoxt provided by Eic:

12 3 094 00

12 3 094 01

12 3 094 02

12 3 094 03

answer questions and solve problens

relating ‘to the construction and use of an

ammeter in measuring electric current.

recall that an ideal ammeter would have zetro
resistance.

recognize that a shunt resistance is connected
across the coil of an ammeter to modify the
ammeter to read higher currents.

recognize that an ammeter must be connected in
series with the portion of the circuit at
which the current is to bes measured.
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12 3 095 01

12 3 095 02

answer questions and solve problens
relating to the construction and use of
meters for measuring potentfal difference.

J
recall that a voltmeter will generally consist
of a galvanometer with a high resistance
connected in series with th¢ coil.

recognize that the potentiometer is a
null instrument; i.e., it makes measurements
by giving a zero reading.

95
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12 3 096 01

12 3 096 02

96

answer questions and solve problems
relating to the measurement of resistance
by means of a Wheatstone bridge.

recognize that the Wheatstone bridge can
be used to measure unknown resistances

with great precision.

recall that for a Wheatstone bridge



13 1 097 00

13 1 097 01

131 097 21

13 1 097 31

ansver qualitative questions referring to the
nature of a magnetic field. ’

state that a magnetic field is said to exist
in a given region of space if a direction of
motion of an electric charge through this
region can be found such that the moving
charge experiences a force over and above any
electrostatic or gravitational forces.

state that a magnetic field must be described
in terms of a vector quantity which gives its

intensity and direction.

recognize that a magnetic field may be mapped
graphically by means of lines of magnetic
"force" in a manner similar to that used to
map an electric field.
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13 2 098 01

13 2 098 21

13 2 098 31

13 2 098 41 .

13 2 098 51

13 2 098 61

98

answer qualitative questions relating to the
magnetic induction vactor B. .

define the magnitude of the magnetic vector B
through a given point in a magnetic field as

F
B=._l.—
q,v
where F; = magnitude of force acting on charge
q_ moving at right angles through the field

‘with velocity v.

- - >
state that the basic magnetic field vector B is
variously known as the magnetic induction vector
or the magrnetic intensity vector,

indicate that lines of magnetic induction give a
graphic representation of the way B varies
throughout a given region of space.

state ‘that the tangent o a line of induction
gives the direction of B at that point.

recognize that lines of induction are drawn so
that the number of lines per unit cross-sectional
area is+proportiona1 to the magnitude of the
vector B.

define the direction of the magnetic vector B
through a given point in a magnetic field as the
line along which an electric charge may move
through the point without experiencing a force.
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99

answer definitive questions relating to
magnetic flux ¢B, and exhibit complete

familiarity with the various MKS units for B )
and ¢

define magnetic flux ¢ across a surface as
the surface integral of the normal components
of B over the surface or

¢ =jr§-di :

Eecognize that for the special case in which

B is uniform and at an angle 0 to a finite area,
: > -

flux is given by ¢ = |B| |A]| cos(8).
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solve numerical problems involving g, ¢B, and
related quantities such as force on a moving
charge, magnitude of moving charge, and
velocity of moving charge.

recall that the direction of the force on a
moving charge in a magnetic field is
perpquicular to a plane formed by the vectors

¥ and B.

recall that when a charged particle moves

_through a region in which both an electric

field and a magnetic field are present, the

resultant force is found by
-> > >

F= qu + q.Vv X B

recall that the force on a moving charge in
a magnetic field is found from

_f -> > .
= X .
qov B
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06

answer questions relative to the magnetic
field of the earth.

recognize that the horizontal component of
the earth's magnetic field is generally
directed northward in both hemispheres.

recognize that the wvertical component of the
earth's magnetic field is generally directed
downward in the northern hemisphere and

‘upward in the southern hemisphere.

{
recall the horizontal and vertical variation
of the earth's magnetic field as you travel
from the magnetic equator to the magnetic
poles. '

define declination as the error in degrees
from true north to which the magnetic compass
points.

define inclination as the angle of a dipping
magnetic needle below the horizontal.

calculate the eastward, northward, and vertical
components of 3.
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01
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06

apply the fundamental equation for the force
acting on a current-carrying conductor
immersed .in a magnetic field

-> -

-
F=40%XB.

recognize that the force on a current-carrying
wire in a magnetic field is equal to

F = 12B, vhere B, is the component of B normal
to the rod.

recall that the magnitude of the force on a
current-carrying conductor in a magnetic field.
is independent of the area of the conductor.

apply the right-hand rule to find the direction
of the force on a current-carrying conductor
in a magnetic field.

recall that the force on a small element of
wire is given by

- L -

dF = 2d2 x B .,

solve for the force on a current-carrying
conductor where the magnetic field is not
perpendicular to the conductor.

solve for the force on a current-carrying

" conductor where the magpetic field is not

constant in magr-tude,

102



13 1 103 00 apply the equation for the torque on a current-
carrying loop in a magnetic field.

13110301 recall that the magnitude of the torque on a
current-carrying loop is

T = 7SB sinf .

13 1 103 21 recall that for more than one loop the magnitude
of the torque can be found by

T = NiSB sinf .

103
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131 104 01

131104 21

104

describe the oper- ‘anometer in
terms of force o: St +ing wire
in a magnetic fi:

recognize that a D.C. motor, a voltmeter,
and an ammeter all.operate on the same
principle.

define a galvanometer as a device for measuring
electric currents.
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13 1 105 00 describe the operation of a D.C. motor in terms
of force on a current-carrying wire in a.
magnetic field.

131 105 01 demonstrate the direction that a siizle-loop
motor will turn.

13 1 105 02 recall that the magnitude of a magnetic dipole
moment of a current loop is '

u = NS .

13 1 105 03 calculate the torque on current loops in a
uniform magnetic field by

> > >
T=4%XB.

13 1 105 04 recall that the potential energy of a current
loop in a magnetic field is
' > >

U=-u.B .

13 1 105 05 recall that the average value of the torque for a
D.C. motor of N loops is :

¢ = 2NIAB
'n'
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106

answer questions and solve proElems involving
the circular orbits of charged particles in
a uniform magnetic field,

recognize tha' or a charge particle moving
perpendicul... a magnetic field, '

2
vB = IV
4 r

recall that the frequency of revolution of a

~ charged particle moving in a magnetic field is

v = 9B
2Tm

recail that the radius of the circular orbit
of a charged particle moving in a magnetic
field is given by

show:that charge partizles of equal moment=
describe orbits of the=same size,
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14 1 107 @0

14 1 107 aL

14 1 107 02

describe the magnetic field around a straight,
current-carrying conductor.

recognize that the magnetic field lines around
a straight current-carrying conductor are circular
in a plane perpendicular to the conductor.

recall that 'f the thumb of the right hand points
1 "ireo ' ion of the current, the f{ingeres will
¢ in the same sense as the magnetic field lines.
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14 1 108 02

14 1 108 03

14 1 108 04

use *FE=-mathematical statement of Ampere's. law in
the =mitution of qualitative and quantative problems.
' [} .
rec=®L that the symbol < in Ampere's law représents
thesmet- current enclosed by the contour of integration.

rer=li that the value of the permeability constant,
W, B=dr x 1077 T-m .

A
recmgize that Ampere's law is

ﬁ}'la-dz = uoi

calrmitate the net current enclosed by z path 1f the
magge=ttic field in the region is given. - ‘

o!

108
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14 1 109 01

14 1 109 02

14 3 109 03

109

derive the equation for B at a point which is a
distance r from the center of a long cylindrical
conductor whose radious R radius is greater than
r.

use the current density to determine that amount
of current that passes through the circular path
of Ampere's law.

reccgnize that if no net current passes through
the circular path of Ampere's law, then the value
of the magnetic induction is zero.

choose the best graph of the magnifude of the
magnetic induction as a function of distance from
the axis of a cylindrical shell of known inner and

" outer radii.



110

14 1 110 00 Analyze problems involving the force between two
parallel wires as given by

F = uo‘Q'ibia
) 2nd

14 1 110 01 recognize that the magnetic field produced by a
wire exerts mo force on the wire itself.

14 1 110 02 recall that the magnetic field of one wire is
B = 7nd
14 1 110 03 - recall that the forre.on one.wsf two parallel wizes

is related xo the magmetic FE=fid of the other bw
F = 14B

34 1 110 ¢4 recognize thet parallel currents attract each other,
and antiparEidel currents repel each other.
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“7 14 3 111 00 define the MKS current unit, the ampere, in terms
i of the force between parallel wires carrying =qual
currents.
14 3 111 01 recall that one ampere is that current whies! !F

present in each of two parallel conductors of
infinite length and one meter apart in empty
space, causes each conductor to experience a force
of exactly 2 X 107 N/m of length. ’

14 3 111 02 calculate the magnitude of the force per unit
lemgth between parallel .conductors separated by 1 m
which carry a curremt of 1 A each.
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14 2 112 00

14 2 112 01

14 2 112 02

14 2 112 03

use the expression for the magnetic induction =ithin

an ideal solenoid to solve quaatative and qualituiive
problems. '
recognize that in the formula for the magnetic induc-—

tion inside an ideal solenoid, n is the number of twurns
for unit length.

(B = niigd)
recall that the magnetic induction within a toroid is
B = Npoi/Zmr.

select the best graphical representation of the magnetic
induction on the plane of a toroid as a function of

- distance from the center,
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14 2 113 01

14 2 113 02

14 2-113 03

113

interpret and apply the Biot-Savart law for the
magnitude of the magnetic induction.

recall that the Biot-=Savart law states that

. o
dg _ He? dfxr

4 rd
use the Biot~Savart law to find an expression
for the magnetic induction at the center of a
circular current loop.

use the Biot-Savart law to calculate the
magnitude of the magnetic induction at a point
due to a segment of wire. ’

e e B9 80T e
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114

answer questions and solve problems relating
directly to Faraday's law of induction.

use the unit of magnetic flux, the weber, and .
the unit of time as the second to find the unit
of induced emf to be the volt.

recall that Faraday's law of induction is

dép
dt

=1
1l
|

_recognize that d@B/dt can occur if either B
" changes in magnitude or direction, or if the

area cf flux changes.

recognize that the density of the lines of
induction increases as one approaches the
poles of a2 magnet.

recall that the density of the lines of induc-
tion increases with the strength of the magnet.

recall that a steady state current will not
produce a changing flux consequently the induced.
current will be zero.

calculate the electric field at a point inside
the region where the magnetic field varies with
time,

calculate the electric field at a point located

at a distance r from the center of the cylindrical
“region with radius R (r>R) in which a magnetic
field B is varying with time.

calculate the magnitude of the instantaneous
sacceleration experienced by an electron placed
dn a time-varying magnetic field.

R P T VU UO P

NI R St



14 2 115 00
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14 2 115 02

apply Len.'s law to determine the direction of an
induced emf i.: various induction situations.

recall that an induced epf is alwéys such that it
opposes the change of the current producing it.

recall that the induced current will flow in such

a direction as to oppose the change that produced
it.

115
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14 2 116 02

14 2 116 03
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116

§3ive probier Using the exprésties. for the magnitude
of the induced curreat in a loop moving in a mognetic
field. '

recall that the induced emf in a loop moving through a
magnetic field B at a velocity v is

€ = -Biv

recognize that the current in a loop moving through a
magnetic field B at a velocity v is

1 = ~Bv/R

show that the power to move a loop through a magnetic

field B at a velocity v is

P = B24%v%/R

i S e Wy e
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117 00 derive thoe defining cquation for inductance L, and
4 establish the weaning of the henry as a unit of
' inductanca.

151 117 01 establish the relationship between dnductance L
and flux linkage N¢n with 1 as the current which
causes the flus, :

151 117 02 “define inductonce L in terms of the cwmf ¢ producad
by a time-varying current i.

151 117 03 calculate numerically the flux linked by the coil
wvhen its dnductance and current are given.

151 117 04 define the unit of iwnductance in the MES systcms
as the henry and show that it is the amouat of
inductance which will give rise to a seif-induced
emf of one volt when the rate of change of current
is one amp/secc.

151 117 05 calculate the inductance of the coil when the applied
emf and the rate of change of current through it is
given, .

151 117 06 calculate the self induced emf of a closely wound
coil when its number of turns and self-inductance

( and the rate of change of cuarrent through it is
' given.
15 1 117 07 calculate the emf induced in the coil when the rate

of the change of current in the coil and the in-
ductance are given.,
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calculate the inductance of a 1ongv f;oh-noul having 1
turns per unit length, lenglh £ and cross socction
A.

recall that the wagnetic field in an ideal solenoid
is Hoin, where n is the numbcr of turns per unit
1(~ng,L]x and recognize that the maguetic flux in the
golenoid of cross scetion A is Hgind.

from the mognetic flux (I)B in the solenoid c.a]culatod
obtain the expression for the inductance of an ideal
solenoid with n turns per unit length, length 2 and
cross sectional area A.

b g
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15 1 119 01

15 1 119 02

15 1 119 03

derive the expression for the pover dolivered
when an emf is applied to a device with a self
induction 1. and a resistance R.

recall that the electrical power delivered by
an enf in a resistor with current i is ei.

from the expression for electrical pover ei,
obtain the cxupression for the power applied to
cause a curreut rise di/de.

calculate the pover delivered when an emf is
applied to a device with an inductance L and
a registance R.
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show that u: .

stored iz I

solenoid =

wsoand solve problems relating to
norgy stored in an inductance L
ady current i,

cnexgy must be stored in the

of a current carcrying inductaace

“d can induce an emf which can
closed circuit when the current

the amount of cnergy. lost is
~an inductor with inductance L and
‘oved to discharge.

“wount of energy stored in the
when an inductance and a current

are given.

nergy per unit volume stored in

“oxeld in a closely wound solenoid.

rzagnetic energy per unit volume
magneticzfield in a closely wound
wal to L.
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¢ dlyze the go ex=1 RC -ircuit chargis . tiom

guidlitatively ¥ que.. Latively.
nize that t° =z . of work donc ¢ - ol

.arge dg is
edg = i .. dt + a (q?/2¢) -

celeulate the value of the resistance R . .o a
capacitor which is initially charged to Voois
further charged to V and the current in . i
~ircuit is given

zzlculate the change in the encrgy store. in the
capacitor when it is charged from Vo to ¥,

salculate the rate of change of the potential

aifference across the capacitor when it is being

zfiarged from Vo to .V and the instantaneous current
3 1s given.

wtablish that the charge on the capacitor in a
wharging RC circuit is given by q = Ce (1 - e~t/RC)
#d that the charge wi~1 approach the equilibrium
cdgher t » » or R » 0.

differentiate q ce (1 - e't/RC) to find the 1nsLan~
taneous current at time t and obtain

1 =$.=£ —t/RC
T TRE

conclude from i (s/R}e—t/RC that the initial current
in a charging RC circuit is e/R. _
state that the product RC for a given circuit is known
a5 the capacitative time constant.

sirow that when the charging time is made equal to one
tware constant (t = RC),, the capacitor will assume a
cirzrge equal to 637% of its equilibriwm. walue.

rmpewlate the total 'wemk.done when am wncharged capaci-
torr s charged by a comstiant ‘emf throwmgh a resistor to
a pemiential difference V.
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enalyze the general RC civcuit discharge oo
qualitatively and gquantitatively.

show that the equation for a discharging ci et
is iR + q/C = 0 by using the loop theoren.
recognize that the charge on the fully chasrad
capacitor varies as q = Gg e U/RC yien it =r
allowed to discharge and the capacitor char o
will be rcduced to 37% of its initial char_ afi-
one time constant.

show that the’instantaneous discharge currw: §
at any time t after discharge has begua is .

by i =~ E. e"t/F.C.
R

calculate the magnitude of the current just &= o1
the charged capacitor starts to discharge wh=z
values of resistance R, capacitance C and ex. ¥
are given. -

calculate the magnitude of the discharging comrrmend.
after one time constant.



15 3 124 GO fmalreze the geoneral L curro-: o th equation
qualitatively and quo.titall

15 3 124 61 Wriite the RL circuit « watios Zor current mres
i= (:/R)(l—e”nt/L), srate that the quotiem
L/% for a given circu’ . is Mo .. oo the induoe:ive
timie constoant of thr - lrcudr..
15 3 124 02 show that the gueticon: /D ‘oo the dinension ef
timo.
15 3 124 03 calculate-%l in an RL circuit viien the induced on-
v
’ across the inductor and th¢ inductance L are cive.
15 3 124 D4 calculate the magnitude anc direction of the volti:. o
across the inductor in zn IL circuit at the dnsisn
the switch is closed.
15 3 124 05 recogmize that im an RL circufit the current can
approach the equilibrium valuz only if t + o,
15 3 124 06 determine the current in an PL circuit after two
- time constants when values of R, L and ¢ are givesn.
15 3 124 07 determine the induced emf across the inductance

after two time comstants whem wvalues of R L and
are giwven.

-,

15 3 124 08 determine the raize at which the energy appears =s
Joule meat on the resistor at twe time constamts in
an RL ciircuit witth given R, L and €.

15 3 124 09 det=rmine the equilibrium rmrreat in an RL circuit
whem a battery is suddenly imtreduced.

15 3 124 10 calculate the magnetic enezzs stored in the magmetic
field when the equilibrium current exists in tfme coil
in the BL circuit.

15.3 124 11 Fing the time it tmkes te remch 90% of eguilibmimm
current in the RL civowit after the switch is clmsed.

A5 3 124 12 Zimd the time it takes to remdh 90% of equilibriwms
' . energy stored in the inductor after the switch Es
" -closed. T

(
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15 3 125 ¢ L tyze carefullr o cuorent- and voltn _--
comy curves for v V- circuis for vidieh wells
“reopiven on heth o
15 5 125 (7 sozerpmime Lhe dnic Uiz constant ol
iy cfrewit from @il ar bolll curves
15 5 125 G. coiiernine the vaelua L for this I 7 ait
' “ng thoe curves.

15 7 125 0. czllculate the inductsae - in the 2. - oit when
e recisiances are & oon,

5
&

Q
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31246

ans:lyze the oor Nourrent dec:s oeguuiien

o

qualitztively i “rative-lyv.
strte that th oo o cnaf doscrdbos £l duouy
of cwrreat in (b 9L @icaie i

show thee 1f coe tie
betwoen apeniny the
the current will T
indtial currept,

ronine the rosistoace ia an PL circuis wihen
thz time constunt forr the decay of currezt ic
chznged due to a chomgze in the resistance in the
circuit., )

azte




